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Taxonomy and characteristics of  Mahisefid : 
Kingdom:         Animal 
Phylum:            Vertebrata 
Super class:      Pisces 
Class:               Osteichthyes 
Subclass:          Actinopterygii 
Order:              Cypriniformes 
 Family:             Cyprinidae 
Genus:              Rutilus 
Species:            Rutilus frisii 
Subspecies: Rutilus frisii kutum (Kamenskii 1901) 
Persian name: Mahi Sefid 
English name: Kutum 
Russian name:Kutuma  
.
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 AAAA BAAA
Row 
(N=98) 
% 
(N=100) 
% 
(N=48) 
% 
(N=48) 
% 
1 AAAA 36 36.73 20 20.00 13 27.08 19 39.58 
2 BAAA 28 28.57 29 29.00 13 27.08 11 22.92 
3 ABAA 6 6.12 8 8.00 4 8.33 2 4.17 
4 ACAA 4 4.08 4 4.00 3 6.25 3 6.25 
5 AAAC 1 1.02 6 6.00 3 6.25 - - 
6 AAAB 4 4.08 3 3.00 2 4.17 3 6.25 
7 ABAB 5 5.10 2 2.00 2 4.17 - - 
8 BBAA 2 2.04 4 4.00 - - 2 4.17 
9 ABBA 2 2.04 5 5.00 2 4.17 3 6.25 
10 BDAA 3 3.06 3 3.00 - - - - 
11 AABA 3 3.06 3 3.00 4 8.33 3 6.25 
12 BCBA 1 1.02 3 3.00 - - - - 
13 AABB 1 1.02 1 1.00 - - 1 2.08 
14 ADAA 1 1.02 - - - - - - 
15 ABAC 2 2.04 2 2.00 - - - - 
16 BCAA 2 2.04 2 2.00 1 2.08 - - 
17 BAAB - - 2 2.00 1 2.08 - - 
18 BAAC - - - - - - 1 2.08 
19 BDAB - - 1 1.00 - - - - 
20 BABA - - 2 2.00 - - - - 
Haplotype Diversity  
Population Selfing Non-Selfing Nucleotide diversity 
Sefid  Rud 0.9025 0.01994 0.8969 0.01386 0.009711 
0.7662 0.04632 0.7613 0.03262 0.007311 
0.8549 0.04314 0.8435 0.02987 0.009478 
0.7368 0.07177 0.7270 0.05037 0.008533 
Average 0.8151 0.00148 0.8072 0.00149 0.008758 
     
 0.0087 0.0094 0.0091 
0.0002 0.0084 0.0080 
-0.0002 0.0000 0.0089 
0.0000 0.0001 -0.0001 
 
Nucleotide Diversity Nucleotide Divergence
Average 0.0088 0.0000 
Minimum 0.0080 -0.0001 
Maximum 0.0094 0.0002 
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Thai et al., 2007
 Gross et al 
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Rutilus rutilus
Keyvanshokooh et al., 2007
Abramis brama
Rutilus rutilus
Rachycentron canadum
 4 A. nudiventris 
4 Rutilus rutilus 
10 Rachycentron canadum 
Lucentini et al., 2006 7 Esox lucius 
Alam et al., 2005 8 Catla catla 
Beacham., 2004 14 Oncorhynchus nerka 
Zhao., 2005 4 Chines sturgeon 
Triantafyllidis et al., 2002 8 Silurius aristotelis 
Salguerio et al., 2003 16 Anaecypris hispanica 
Taylor, 2007 10 Oncorhynchus mykiss 
30 Rutilus frissi kutum 
 
(Rutilus rutilus) 
(Rachycentron canadum) 
 A. nudiventris 
Rutilus rutilus 
Rachycentron canadum
Aguilar., 2005 Esox lucius 
Shaw et al., 1999 Clupea harengus 
Salguerio et al., 
2003 Anaecypris hispanica 
Wirgin., 2002 A. oxyrhynchus 
Lucentini et al., 
2006 Esox lucius 
Dahle et al., 2006 Gadus morhua 
Innocentiis et al., 
2005 Sparus auratus 
Rutilus frisii  kutum 
Acipenser nudiventris 
Rutilus rutilus 
Rachycentron canadum 
Herwerden., 2003 Lethrinus miniatus 
Lucentini et al., 2006 11-50 303 Esox lucius 
Dahle et al., 2006 40 170 Gadus morhua 
Innocentiis et al., 2005 23-85 335 Sparus auratus 
Skaala et al., 2004 38-128 984 Salmo salar 
Lucentini., 2006 Esox lucius 
Salguerio et al., 2003 315 Anaecypris hispanica 
Keyvan shokoh., 2007 Rutilus rutilus 
Ghasemi., 2007 Abramis brama 
Menezes., 2008 Katsuwonus pelamis 
Kitanishi ,2008 Oncorhynchus masou 
Alam et al., 2005 40 Catla catla 
30 120 Rutilus frissi kutum 
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F: 5 -CAC GGG ACA ATT 
TGG ATG TTT TAT- 3
R: 5 -AGG GGG CAG CAT 
ACA AGA GAC AAC- 3
SYP4 60
[GATA]8GGC 60 1.5 
TA[GATA]2
F: 5 -GCA GGA GCG AAA 
CCA TAA AT- 3
R: 5 -AAA CAG GCA GGA 
CAC AAA GG- 3
SYP2 58
[TG]9
F: 5 -TTA CAC AGC CAA 
GAC TAT GT- 3
R: 5 -CAA GTG ATT TTG 
CTT ACT GC- 3
SYP6 57
[CAGA]2[CA]14
F: 5 -ATT TTT AGG AGT 
GAT GTT CAG CAT- 3
R: 5 -CAA GTG TGT CAT 
TGA GGA AGT GAG- 3
SYP553 
[TGTC]6[TATC]3 
TATA [TG(A)TC]16
F: 5 -GTG AAG CAT GGC 
ATA GCA CA-3
R: 5 -CAG GAA AGT GCC 
AGC ATA  CAC- 3
CA7.861
(TAGA)10 
(CAGA)4 
(TAGA)2
F: 5 -TTG AGT GGA TGG 
TGC TTG TA- 3
R: 5 -GCA TTG CCA AAA 
GTT ACC TAA- 3
CA5.6 55
(TAGA)15
F: 5 -GGA CAG TGA GGG 
ACG CAG AC- 3
R: 5 -TCT AGC CCC CAA 
ATT TTA CGG- 3
CA3.4 61
(TAGA)14
F: 5 -AAG ACG ATG CTG 
GAT GTT TAC- 3
R: 5 -CTA TAG CTT ATC 
CCG GCA GTA- 3
Ca1.2 51
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 Locus SPY4
Allele 
1 0.017 0.000 0.000 0.000 
2 0.050 0.067 0.017 0.000 
3 0.000 0.017 0.000 0.000 
4 0.117 0.133 0.217 0.083 
5 0.100 0.083 0.017 0.050 
6 0.033 0.033 0.083 0.117 
7 0.117 0.083 0.067 0.000 
8 0.000 0.067 0.000 0.000 
9 0.033 0.067 0.100 0.067 
10 0.000 0.000 0.000 0.017 
11 0.083 0.083 0.033 0.017 
12 0.067 0.100 0.033 0.183 
13 0.000 0.050 0.067 0.000 
14 0.033 0.050 0.033 0.000 
15 0.117 0.050 0.117 0.050 
16 0.083 0.033 0.117 0.233 
17 0.133 0.083 0.100 0.150 
18 0.017 0.000 0.000 0.017 
19 0.000 0.000 0.000 0.017 
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 Locus SPY2
Allele 
1 0.100 0.033 0.067 0.133 
2 0.000 0.050 0.017 0.000 
3 0.100 0.117 0.100 0.117 
4 0.000 0.017 0.000 0.000 
5 0.033 0.000 0.017 0.000 
6 0.500 0.433 0.417 0.417 
7 0.017 0.017 0.000 0.000 
8 0.000 0.000 0.050 0.000 
9 0.000 0.000 0.033 0.000 
10 0.100 0.083 0.083 0.083 
11 0.000 0.000 0.017 0.000 
12 0.033 0.050 0.017 0.000 
13 0.083 0.100 0.100 0.083 
14 0.017 0.017 0.017 0.033 
15 0.000 0.017 0.000 0.017 
16 0.017 0.067 0.033 0.017 
17 0.000 0.000 0.033 0.067 
18 0.000 0.000 0.000 0.033 
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Locus Allele 
SPY6 1 0.867 0.817 0.833 0.850 
2 0.033 0.100 0.083 0.017 
3 0.100 0.083 0.083 0.133 
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SPY5 
1 0.350 0.333 0.317 0.300 
2 0.000 0.017 0.000 0.000 
3 0.650 0.617 0.667 0.700 
4 0.000 0.033 0.017 0.000 
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Locus CA12 
Allele 
1 0.333 0.167 0.150 0.267 
2 0.017 0.000 0.200 0.067 
3 0.500 0.550 0.500 0.367 
4 0.150 0.100 0.100 0.150 
5 0.000 0.133 0.033 0.117 
6 0.000 0.050 0.000 0.033 
7 0.000 0.000 0.017 0.000 
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Locus CA5
Allele 
1 0.167 0.333 0.283 0.350 
2 0.217 0.083 0.150 0.183 
3 0.067 0.133 0.050 0.033 
4 0.333 0.233 0.233 0.267 
5 0.033 0.100 0.017 0.000 
6 0.150 0.117 0.167 0.100 
7 0.000 0.000 0.017 0.000 
8 0.033 0.000 0.083 0.067 
Allele Frequency for locus 6
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Locus CA3 
Allele 
1 0.117 0.317 0.183 0.067 
2 0.083 0.000 0.133 0.033 
3 0.083 0.000 0.083 0.067 
4 0.000 0.000 0.067 0.000 
5 0.083 0.033 0.033 0.050 
6 0.167 0.200 0.083 0.250 
7 0.183 0.217 0.133 0.233 
8 0.000 0.083 0.050 0.050 
9 0.000 0.067 0.183 0.100 
10 0.083 0.000 0.050 0.083 
11 0.167 0.017 0.000 0.050 
12 0.033 0.067 0.000 0.017 
 Allele Frequency for locus 7
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Locus CA1 
Allele 
1 0.050 0.300 0.033 0.183 
2 0.467 0.367 0.500 0.467 
3 0.000 0.050 0.033 0.067 
4 0.067 0.017 0.000 0.017 
5 0.083 0.067 0.150 0.100 
6 0.333 0.200 0.283 0.167 
Allele Frequency for locus 8
0.000
0.200
0.400
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1 2 3 4 5 6
locus 8
Locus
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u
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 nane )
 nane )
 nnnn
nenanenanenanena
10.714 14 12.676 15 8.780 13 7.059 12 
3.448 10 4.348 12 4.712 14. 4.423 10. 
1.312 3 1.462 3. 1.412 3. 1.350 3 
1.835 2 2.029 4. 1.835 3 1.724 2 
5 2.605 4 2.773 5 3.087 6. 4.045 6 
6 4.6517 4.675 6 5.128 8 4.119 6 
7 7.595 9 4.891 8 7.860 10 6.593 11 
8 2.917 5 3.681 6 2.817 5 3.403 6 
(H o) (He) 
nnnn
He HoHeHoHeHoHeHoHeHo
0.8930.592 0.907 0.533 0.921 0.967 0.886 0.533 0.858 0.467 
0.760 0.508 0.710 0.333 0.770 0.833 0.788 0.667 0.774 0.467 
0.276 0.317 0.238 0.267 0.316 0.567 0.292 0.333 0.259 0.300 
0.459 0.133 0.455 0.167 0.5070.367 0.455 0.133 0.420 0.067 
50.671 0.400 0.616 0.433 0.639 0.167 0.676 0.400 0.753 0.467 
6 0.783 0.458 0.785 0.300 0.786 0.300 0.805 0.533 0.757 0.467 
7 0.846 0.342 0.868 0.400 0.796 0.533 0.873 0.300 0.848 0.300 
8 0.684 0.908 0.657 0.967 0.728 0.367 0.645 1.000 0.706 0.900 
shanon
  Shanon index
2.472 2.613 2.338 2.146 
1.676 1.917 2.044 1.842 
0.468 0.603 0.566 0.475 
0.647 0.846 0.703 0.611 
51.066 1.276 1.365 1.549 
6 1.688 1.662 1.773 1.555 
7 2.101 1.767 2.167 2.116 
8 1.259 1.450 1.215 1.444 
X2
SPY6
  (Fit) (Fst or Rst)
(Fis) 
FitF st,Fis
 (Fis)
Locus DF ChiSq Prob Signif 
SPY4 91 199.842 0.000 *** 
SPY2 45 153.267 0.000 *** 
SPY6 3 0.710 0.871 ns 
SPY5 1 12.047 0.001 *** 
CA12 6 30.370 0.000 *** 
CA5 21 111.662 0.000 *** 
CA3 36 127.978 0.000 *** 
CA1 10 69.260 0.000 *** 
SPY4 105 160.500 0.000 *** 
SPY2 66 170.570 0.000 *** 
SPY6 3 1.512 0.680 ns 
SPY5 6 46.762 0.000 *** 
CA12 10 49.577 0.000 *** 
CA5 15 67.355 0.000 *** 
CA3 28 79.316 0.000 *** 
 
CA1 15 31.713 0.007 ** 
SPY4 78 147.904 0.000 *** 
SPY2 91 150.621 0.000 *** 
SPY6 3 1.200 0.753 ns 
SPY5 3 17.785 0.000 *** 
CA12 15 52.633 0.000 *** 
CA5 28 41.777 0.046 * 
CA3 45 180.048 0.000 *** 
CA1 10 30.000 0.001 *** 
SPY4 66 127.003 0.000 *** 
SPY2 45 136.164 0.000 *** 
SPY6 3 0.934 0.817 ns 
SPY5 1 21.232 0.000 *** 
CA12 15 70.876 0.000 *** 
CA5 15 43.179 0.000 *** 
CA3 55 187.974 0.000 *** 
CA1 15 29.445 0.014 * 
 Fis
1 0.4120.0950.398 0.456
0.5310.2640.154 0.397
-
0.121
-
0.160-0.143 
-
0.156
0.6340.6710.707 0.841
50.2970.5310.408 0.380
6 0.6180.3220.337 0.384
7 0.5390.5390.656 0.646
8 -0.471
-
0.053-0.550 
-
0.275
Fst AMOVA
0.010 0.050 0.040 
0.0170.030 0.040 
0.008 0.013 0.080 
0.009 0.013 0.009
rst 
0.120 0.340 0.090 
0.016 0.400 0.010 
0.001 0.002 0.040 
0.025 0.056 0.031
AMOVA(Analysis of 
MOlecular VAriance)P
 P P
 FStat
10.01 
0.01 
RStat
0.01 
0.01 
Fst
0.0150.0110.011 
15.9250.0140.014 
22.70717.9830.012 
21.77317.97920.999
Fst (via 
Frequency) Nm # #
0.015 15.925 30 30 
0.011 22.707 30 30 
0.014 17.983 30 30 
0.011 21.773 30 30 
0.014 17.979 30 30 
0.012 20.999 30 30 
Rst Nm # #
0.016 15.669 30 30 
0.001 204.378 30 30 
0.002 130.947 30 30 
0.025 9.792 30 30 
0.056 4.228 30 30 
0.031 7.824 30 30 
 Nei, 1978.
Nei,(1978)
 
0.949 
0.070 0.936 
0.050 0.068 0.945 
0.053 0.066 0.057
 p 0/05 *, P 0/.001 ***, ns no significant  and  sig significant 
X2 
ns ns 
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 Abstract 
Study of Mahisefid population using mtDNA with PCR 
Mahisefid  diversity was studied in four rivers including Lamir, Sefidrood, Shirrood and Tajan. Total sample 
was collected from four rivers when fish migrat to river for spawning, 100 samples from Sefidrood, 98 samples 
from Lamir, 48 samples from Shirrood and 48 samples from Tajan. DNA was extracted with phenol- 
cholorophorm.  
Samples were used for RFLP, the PCR product were digested by 20 restriction enzymes as follow: TasI, HaeIII, 
HinfI, HincII, SalI, DraI, AccI, AvaII, XhaI, BshNI, AvaI, BclI, BshII, MspI, PstI, RsaI, SdnI, TaqI, TruI, VspI. 
The four restriction enzymes including: TasI, HaeIII, HinfI, HincII showed diversity, 6 enzyme didn t have any 
restriction and 14 enzyme showed monomorphic. Total 20 haplotype studied that haplotype AAAA and BAAA 
had most frequency. The  average haplotype frequency of AAAA was 29.93%  and the  average haplotype 
frequency of BAAA was 27.55%.  
2- Study of population of Mahisefid with microsatellite markers 
120 specimens of R.frissi kutum were used from four rivers to test thirty primers (30 samples from each river)  of 
which 8 primers showed polymorphism. A large variation in heterozygosity average over all samples was 
observed among loci, that ranged from 0.13 to 0.91. For a given locus, observed heterozygosity varied greatly 
among the samples. For example, in Lamir 0.07 at SPY5 and 1 in Sefid  Rud at CA1. Tajan had an observed 
heterozygosity of only 0.17, whilst the Lamir had an observed heterozygosity of 0.07 at locus SPY5. At locus 
SPY4, Tajan and Sefid Rud are the same and (0.53) and Shir Rud is 0.83 and Lamir is 0.47. However, despite 
these differences, there was clear difference in average heterozygosity observed between the samples. To 
investigated of Hardy-Weinberg Equilibrium in all locus and all rivers deviate showed from Hardy-Weinberg 
Equilibrium was significantly different ( P<0.01)except in SPY6 locus. 
The maximum average Ho was 0.91 in locus CA1 and minimum was 0.13 in locus SYP5 and maximum average 
of He was 0.89 in locus SYP4 and minimum was 0.28 in locus SYP6. Highest Ho was 1 in locus CA1 in Sefid  
Rud River and lowest was 0.07  in locus SYP5 in Lamir River , highest   He was 0.92 in locus SYP4 in Shir Rud 
River and lowest was 0.24 in locus SYP6 in Tajan River. According to Nei (1978) the highest genetic distance 
was between Shir Rud  River and Tajan River (0.07) and lowest genetic distance was between Sefid Rud River 
and Tajan River (0.05). The highest genetic similarity was between Sefid Rud River and Tajan River (0.95) and 
the lowest genetic similarity was between Shir Rud River and Tajan River (0.93). FST  was significantly different 
(P > 0.05)  between all samples except  Lamir River and Sefid Rud River. 
The highest Fis was in Lamir River (0.84) in locus SPY5 and in Sefid  Rud River in locus SPY5 (0.71), in locus 
CA12 (0.67) in Shir Rud River and SPY5 (0.63) in Tajan River. The lowest Fis is in locus CA1 (-0.55) in Sefid 
Rud River, in locus CA1 (-0.47) in Tajan River, in locus CA1 (-0.28) in Lamir River and in locus SPY6 (0.16) 
in Shir Rud River. 
                         
Ministry of Jihad  e  Agriculture  
AGRICULTURAL RESEARCH, EDUCATION & EXTENTION ORGANIZATION 
IRANIAN  FISHERIES  RESEARCH  ORGANIZATION    
Title : Study of  Kutum Rutilus frisii kutum population using mtDNA with PCR 
Apprpved Number: 4-019-200000-03-85016   
Author: Hossein Ali Abdolhay  
Executor : Hossein Ali Abdolhay 
Collaborator(s) : F. Lalooei; M. J. Taghavi; M. Hassanzadeh Saber; M. Neirani 
Location of execution :  Tehran province 
Date of Beginning : 2006 
Period of execution : 3 years  
Publisher : Iranian Fisheries Research Organization 
Circulation : 20 
Date of publishing : 2011 
All Right Reserved . No Part of this Publication May be Reproduced or Transmitted 
without indicating the Original Reference  
   
MINISTRY OF JIHAD - E - AGRICULTURE 
AGRICULTURAL RESEARCH, EDUCATION & EXTENTION ORGANIZATION 
IRANIAN FISHERIES RESEARCH ORGANIZATION          
Title:   
Study of Kutum (Rutilus frisii kutum) population using 
 mtDNA with PCR        
Executor :  
Hossein Ali Abdolhay       
                                                                                                                                                                                                                                                                         
Registration Number 
2010.932     
